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ABSTRACT

Theaim of the present investigation isto study the machinability of A356/
Al O, nanocomposites under dry machining conditions. The A356/A1,0,
nanocomposites specimenswere originally fabricated using acombination
between the rheocasting and squeeze casting routes. The nanocomposites
werereinforced withAl O, particulates having 60 and 200 nm having differ-
ent volume fractions up to 5 vol.-%. The machinability of the A356/Al1,0,
nanocomposites was investigated through measuring the cutting force
components (F,, F, and F), tool flank wear, surface roughness of the ma-
chined specimens and the chip deformation ratio. The machinability param-
eterswere obtained under different machining conditions. Theinserts manu-
factured from coated carbideswere used for machining the nanocomposites.
Theresultsreveal ed that the machinability of nanocompositeswasimproved
by increasing the volume fraction and/or decreasing the nanoparticul ates size.
However, the cutting force components as well as the flank tool wear in-
crease with increasing the volume fraction and/or the nanoparticul ates size.
© 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Conventional metal matrix composites(MMCs)
have attracted great attention in automotive and agro-
gpaceindustriesdueto their hightensile and fatigue
strengths, modulus of el asticity, higher micro-plastic
strainresistance, adjustable heat conductivity and ther-
mal expansibility>3. Ascompositescontain very high
hardness strengthening particles, the cutting tool tends
towear severdly resultingin difficultiesin machining®.
Thus, inmanufacturing, difficultiesassociated with pre-
cisionand highly efficient machining of composite ma-
terials have become animportant issue. Turning and

milling operations are among the most common ma-
chining operations performed in automotive, aerospace
and other applicationindustries. Nowadays, interest
isgrowing in producing composites reinforced by
nanoparticul ates either by adding these particul atesto
liguid metals or by in situ techniques. Many re-
searched*™ have claimed enhanced propertiesfor the
produced composites relativeto those produced by
reinforcing with the micro-particles.

Casting, asaliquid phase process, is capabl e of
producing productswith complex shapes®. It will be
attractiveto produce as-cast lightweight bulk com-
ponentsof nanocompositeswith uniform reinforcement
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distribution and structural integrity. However, nano-
sized ceramic particlespresent difficult problems. Itis
extremely difficult to obtain uniform dispersion of nano-
sized ceramic particlesinliquid metasdueto high vis-
cosity, poor wettability inthemeta matrix, andalarge
surface-to-volumeratio. These problemsinduce ag-
glomeration and clustering. The rheocasting
(compocasting), as asemi-solid phase process, can
produce much better quality nanocomposites com-
pared with conventional casting technique®™. Inthe
present investigation the rheocasting technique was
used to fabricate A356/A1,0, nanocomposites. To
reduce the porosity of the previously fabricated
nanocomposites, asgqueezing processwas performed.
It has been found that such secondary process as-
s sted in reducing significantly the porosity content of
the nanocomposites>®.

While considerable work has been done on the
machinability of conventional compositesreinforced
with microsize ceramic particulates®&19, very little
studies have been conducted to study the machinabil-
ity of nanocomposites. Generaly, it hasbeen found
that the selection of cutting toolsand cutting condi-
tions represents an essential element in process plan-
ning for machining.

Inthepresent investigation, thedry machining char-
acteristics of the A356/Al,0, nanocomposites were
studied during turning. The machining parameterssuch
asthe cutting force components, the flank tool wear,
the surface roughness of the machined specimens, and
thechip deformationratio wereextensively sudied.

EXPERIMENTAL PROCEDUERS

TheA356Al-Si-Mg cast alloy wasused asama-
trix. Thechemical composition of theA356Al aloyis
listedin TABLE 1. Nano-AlO, particul ateswereused
asreinforcingagents TheAl, O, nanoparticulaeshavetwo
different averagesizes, typicdly, 200and 60 nm. Severd
meta matrix nanocomposites(MMNCs) werefdbricated
with different volumefactionsof Al O, nanoparticul ates

TABLE 1: Thechemical composition of A356 alloy

Chemical composition (wt.-%)
Fe Cu Mn Mg Zn Al
A356 6.6 025 011 0002 0.14 0.026 Bal.

Alloy

upto5val.-%.

TheA356/Al,0, nanocompositeswere prepared
using acombination of rheocasting and squeeze cast-
ing techniques. Preparation of the compositedloy was
carried out according to the following procedures:
About 1 kg of theA356 Al alloy wasmelted at 680+2
°C in a graphite crucible in an electrical resistance fur-
nace. After complete melting and degassing by argon
gasof thealloy, thealloy wasallowed to cool to the
semisolid temperature of 602 °C. At such tempera-
turetheliquid/solid fraction wasabout 0.7. Thelig-
uid/solid ratio wasdetermined using primarily differ-
entia scanning cal orimeter (DSC) experiments per-
formed ontheA356 aloy. A smplemechanical stirrer
with three blades madefrom stainless sted coated with
bentonite clay wasintroduced into themelt and stir-
ring was started at approximately 1000 rpm. Before
stirring the nanoparti cul ates rei nforcements after heat-
ing to 400 °C for two hours were added inside the
vortex formed dueto stirring. After that, preheated
Al O, nanoparticul ates wereintroduced into the ma-
trix during the agitation. After compl eting the addition
of Al,O, nanoparticul ates, the agitation was stopped
and the mixture was poured into preheated tool steel
mould and immediatel y squeezed during soliditication.
The produced ingot has 30 mm diameter and 130+10
mm length. The nanocompositeswere heat treated at
T6 before conducting the machining tests. Thetested
ingots ends were cut using reciprocating saw to ad-
just theingotslength on 120 mm.

Themachinability testswere conducted onacon-
ventional center lathe machine. Thelathe hasapower
of 6.6 kW. The machining processeswere conducted
through dry cutting using coated sintered carbidein-
serts of type TK15 (W diaKnupp, Poland). The cut-
tingtool insertshaveageometry of rakeangle-5°, clear-
ance angle5°, setting angle 60°, auxiliary setting angle
60° and noseradius of 0.4 mm were used to conduct
the experiments. Themachinability parameterssuch as
the cutting force components (axial component, F,
radial component, Fand main cutting component, F ),
flank tool wear, chip deformation ratio and the surface
roughness of themachined surfaceswereinvestigated
through different machining conditions. Thetestswere
conducted at several cutting speeds of 45.25, 64.7,
89.85, 125.76, 177.79 and 248.18 m/min. Both the
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feed rate and depth of cut were kept constant at 0.11
mm/rev and 1 mm, respectively. Theflank tool wear
wasrecorded after machining timeof 2.4 min at cutting
speed of 196 m/min, depth of cut of 1 mm and feed
rate of 0.11 mm/rev. The tool flank wear was mea-
sured using tool room microscope.

A three-component dynamometer, (model
9257BA) made by Kistler, Switzerland was used for
measuring the cutting force components Fa, Fr and Fc.
Figure 1 showsaphotograph of the dynamometer dur-
ing calibration. The dynamometer was attachedto a
control unit that can measureforcesupto 10 kN. The
cutting force componentswere recorded directly dur-
ing machining using DynoWare software provided by
the dynamometer manufacturer asshowninFigure2. A
stylustype surface roughness measuring instrument
(model SJ-201P) made by Mitutoyo, Japan was used

Figure 1 : A photograph of the dynamometer during
calibration

Figure2: Thecutting for cemeasurement
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to measure the surface roughness of the
nanocomposites specimensafter machining. Thesur-
face roughness parameter (R,) was measured. An av-
erage of ten readingswas considered.

RESULTSAND DISCUSSION

Cutting for cecomponents measur ements

Thevariation of the cutting force componentsF,
F and F, with the cutting speed isshownin Figure 3.
The results showed that, for the unreinforced A356
matrix, the cutting force components have the same
valuesat low cutting speeds (i.e. 45.25 and 64.27 m/
min) whilearemarkableincrease wasnoticed when the
cutting speed changed from 64.27 t0 89.85 m/min. Af-
ter that the cutting force componentsdightly dropped
when the cutting speedsincreasesfrom 89.85t0 125.76
m/min. A steady statetrend was noticed intherange of
cutting speedsof 125.76 to 248.18 m/min. Thesere-
sultswereattributed to theformation of built-up edge
(B.U.E.) and growth in therange of cutting speeds of
64.27 t089.85 m/minand it isdisappear after 125.76
m/min. The nanocompositesexhibited the sameafore-
mentioned behavior of theunreinforced A356 matrix.
However, it hasbeen noticed that adlight increasein
theva uesof the cutting forcecomponentswasrecorded
for the nanocomposites containing 1 vol-%, 3 vol.-%
and 5vol.-% of 60 nmAI.O, nanoparticulatesrel ative
tothat recorded for the unreinforced A356 matrix. Such
behavior may attributeto the effect of thereinforce-
ments where the strength of the nanocompositesin-
creaseswiththeincreasing of thereinforcement vol-
umefractiong®.

Thecutting force componentsincrease by increas-
ing the nanoparticulatessize. Theresultsindicated that
the B.U.E disappeared during machining the
nanocompositesreinforced with 200 nm particul ates.
These results may due to the increase of the
nanocomposites hardness with the increase of the
nanoparticulatessize. Theresultsreved ed that themea:
sured cutting force components when cutting
nanocomposites specimens of 200 nm particlessize
morethan that were measured for nanocomposites of
60 nm. Such behavior can beattributed to the effect of
particles size onthe nanocomposites hardnesswhere
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the hardness of the composites having large particu-
latess zesmorethan that of thecompositeshaving small

particulatessizefor thesameva ue of thevolumefrac-
tion>®, The increase of hardness increases the
nanocompositesresi stance for insert penetration and
increases cutting force components

Chip compressionratio

The obtained chip compressionratio (A =h./h))
versusthe cutting speed for different volumefractions
and reinforcement Szeweregraphically representedin
Figure4. Theresultsindicated that the chip compres-
sionratio decreaseswith theincreasing of the cutting
speed dueto the effect of cutting speed onthestrain
rate, wheretheincrease of the cutting speedsreduces
the machining time, then decreasing the chip compres-
sionratio. Theresultsindicated also that the chip com-
pression ratio of the nanocompositesismorethan that
of theunreinforced matrix. Theseresultswereattrib-
uted to the nanocompositesductility ismorethan that
of theunreinforced matrix asobtained in the previous
work by the authorg®*l.

Themeasured chip compressionratiofor theA356/
Al,O, nanocomposites was strongly affected by the
volumefraction and theAl,O, nanoparticulatessizeas
shown in Figure 4. It has been noticed that the
nanocomposites specimens containing 1 vol.-% of 60
nmAI,O, nanoparticulateshave higher chip compres-
son ration than the nanocomposites containing 1 vol .-
% of 200 nmAIO, nanoparticulates. Theseresultsare
duetothedecreaseof thenanoparticulatessizeincreases
the nanocompositesductility of thenanocompositesas
reported in Ref.1¥, Theresults showed that the highest
chip compression ratio was obtained for
nanocomposites containing 1 vol.-% Al O,
nanoparticul ates of 60 nm size. Theincreasing of the
volumefraction to 3 vol.% and 5 vol.-% reducesthe
chip compression ratio relative to that obtained for
nanocomposites containing 1 vol .-%. Theseresultsare
related to theincrease of thevolumefractionto 3vol .-
% and 5 vol.-%increasesthe nanocomposites strength
and hardnessthen reducesthe nanocomposites ductil-
ity, soreducesthechip compressionratio. Theobtained
resultsrecorded dsothat the particulatessizehasare-
markable effect on the chip deformation ratio, asno-
ticed from comparing theresultsobtained in Figure4
for the nanocomposi tes specimens of 60 nm and 200
nm particulates size. At the samevolumefraction, the
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nanocomposites containing AlLO, nanoparti cul ates of
200 nm exhibited higher chip compressionratio com-
pared with the nanocomposites containing Al,O,
nanoparticulates of 60 nm. Theincreaseof the particu-
lates sizeincreasesthe cutting force componentsand
accordingly the chip deformation ratio wasincreased.
Fgure5 showssampleoptica micrographsof thechips
formed during machining of theunreinforced aswell as
the nanocomposites contai ning different sizesand vol -
umefractionsof Al,O, nanoparticul ates.

Surfaceroughness

Thevariation of the surface roughness parameter
(R) with thecutting speed isshownin Figure 6. The
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results show that the surfaceroughness parameter R,
of themachined specimenswasimproved by increas-
ing the cutting speed and it deterioratesby increasing
the sizeand volume fraction of the nanoparticul ates.
Theincrease of the cutting speed reducesthefriction
forces and the tools wear, so improves the surface
roughness. The noticed improvement in the surface
roughnesswithincreasing volumefraction may atribute
to theincrease of the nanocompositeshardness, which
improves machinability and roughness. It has been
found that the surface roughness parameter R, in-
creases with increasing the Al O, nanoparticul ates
sze, wheretheva uesobtained for thenanocomposites
reinforced with 200 nm were higher than those ob-
tained for the nanocompositesreinforced with 60 nm
under all theinvestigated cutting speeds. Thesere-
sultsrelated to theincrease of cutting force compo-
nentswith theincreasing of the particulatessize. The
decrease of nanoparticulatessizereducestheinduced
vibration and accordingly improvesthe surfacerough-
ness.

Tool flank wear

Figure7 showstheflank tool wear versusthevol-
umefractions of the nanocomposites specimensrein-
forced with different nanoparticulates sizes. The ob-
tained results showed that areasonabl e performance
for the coated carbideinsertsin machining the matrix
and nanocomposites specimens. However ahighflank
wear was noticed during cutting of the nanocomposites
gpecimensreinforced with either high volumefractions
or reinforcement particulate s ze. Theseresultswereat-
tributed to theincrease of the volumefraction of rein-
forcement increases the hard phase (abrasive media)
then increases the number of abrasive particulates
scratching thetool, soincreasesthetool wearl*12, A
higher tool wear was recorded in case of
nanocomposi tes specimen reinforced with 200 nm than
that reinforced with 60 nmfor al vauesof volumefrac-
tions used in thiswork. Theseresults are due to the
cutting forces required in the case of cutting
nanocomposites of 200 nm morethanthat inthe case
of nanocomposites of 60 nm, so the heat generated in
caseof the cutting nanocompositesof 200 nmishigher
than that in case of cutting nanocompositesof 60 nm.
Hence, in caseof cutting nanocompositesspecimens of
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200 nmtherecrystdlization of built up edgewasreeched
corresponding to acutting speed smaller than that of
the other nanocomposites specimens (of 60 nm).

CONCLUSIONS

According theresults obtained fromthecurrentin-
vestigation, thefollowing conclusions can be pointed

GJt.

1. Themachinability of A356/Al, O, nanocomposites
wasimproved by increasing the volumefraction
and/or decreasing theAl, O, nanoparticul atessize.
However, the cutting force componentswerein-
creased by increasing both the volumefraction and

thesizeof AL,O, nanoparticul ates.

2. Thesurfaceroughnessparameter (R ) of theA356/
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Al O, nanocompositeswasimproved by increas-
ing the cutting speed and it deterioratesby increas-
ing the volume fraction and/or the Al,O,
nanoparticulatessize.

3. Thechipcompressionratio of themachined A356/
Al O, nanocomposites decreases by increasing the
volumefraction and/or theAl O, nanoparticul ates
gze

4. TheA356/Al,0, nanocompositesexhibited higher
tool flank wear when compared with the A356
unreinforced matrix. Theflank toolswear increases
by increasing thevolumefraction and/or theAl,O,
nanoparticulatessize.

ACKNOWLEDGMENT

Thiswork issupported by theKingAbdd-Aziz City
of Scienceand Technology (KACST) through the Sci-
enceand Technology Center at KingKhalid University
(KKU), Fund (NAN 08-172-07). The authorsthank
both KACST and KKU for their financial support.
Specia Thanksto Prof. Dr. Ahmed Taher, Vice Presi-
dent of KKU, Prof. Dr. EidAl-Atibi, Dean of the Sci-
entific Research at KKU, and Dr. Khaled Al-Zailaie,
Dean of thefaculty of engineering at KKU, for their

support.

REFERENCES

[1] T.W.Clyne, Comprehensivecomposite materias, In:
A .Kelly, C.Zweben, (Eds); Metal Matrix Compos-
ites, 3, Pergamon, Oxford (2000).

[2] A.S.M.Handbook, Composites, 21, (2001).

[3] J.PDavim; Diamond tool performance in machin-
ing metal-matrix composites, Journal of Material
Processing Technology, 128, 100-105 (2002).

[4] El-Sayed Youssef El-Kady, Tamer Samir Mahmoud,
Ali Abdel-Aziz Ali; On the electrical and thermal
conductivities of cast A356/A1203 metal matrix
nanocomposites, Materials Sciences and Applica
tions, 2, 1180-1187 (2011).

= Fyl] Peper

[5] El-Sayed Youssef El-Kady, Tamer Samir Mahmoud,
Mohamed Abdel-Aziz Sayed; Elevated tempera-
tures tensile characteristics of cast A356/A1203
nanocomposites fabricated using acombination of
rheocasting and squeeze casting techniques, Ma-
terials Sciences and Applications, 2, 390-398
(2011).

[6] I|.S.El-Mahalawi, K.Eigenfield, F.Kouta, A.Hussein,
T.S.Mahmoud, R.M.Ragaie, A.Y.Shash, W.Abou-
Al-Hassan; Synthesis and characterization of new
cast A356/(Al203)Pmetal matrix nano-composites,
ASME, In the proceeding of the 2nd
Multifunctiona Nanocomposites& Nanometerias: Int.
Conference & Exhibition, organized by the Ameri-
canUniversity in Cairo- AUC, incollaborationwith
Cairo University, Sharm El Sheikh, Egypt, January
11-13, (2008).

[7] YongYang, Jie Lan, Xiaochun Li; Study on bulk
a uminum matrix nano-composite fabricated by ul-
trasonic dispersion of nano-sized SiC particlesin
molten aluminumalloy, Mater.Sci.Eng., 380A, 378
383 (2004).

[8] Y.zZhu, H.A.Kishawy; Influence of alumina par-
ticles on the mechanics of machining metal matrix
composites, Int.J.Mach.Tools Manuf, 45, 389-398
(2005).

[9] L.Cronjager, D.Meister; Machining of fibre and
particle reinforced aluminium, Ann.CIRP, 41(1),
63-66 (1992).

[10] PNarahari, B.C.Pai, R.M.Pillai; Some aspects of
machining cast Al-SiCp composites with conven-
tional high speed stedl and tungsten carbide toals,
J.Mater.Eng.Perform, 8(5), 538-542 (1999).

[11] E.Y.El-Kady; Machinability of squeeze casting
MM CsA390 reinforced with SiC and Al203 par-
ticulates, Scientific Bulletin, Ain Shams University,
Faculty of Engineering, 38(4), 867-886 December
(2003).

[12] A.Manna, B.Bhattacharayya; A study on machin-
ability of Al/SIC MMC, Journal of Materials Pro-
cessing Technology, 140, 711-716 (2003).

— P plericly Science
ﬂuVWMW



